be invented by single chimpanzees. Once invented, other chimpanzees become more likely to express the same behaviour themselves -after all, the onlookers could have invented the behaviour themselves, it just happened that another lucky (or perhaps slightly more gifted or motivated) chimpanzee came first and thus acted as a catalyst for the others' individual learning. Furthermore, in the past, group A invented the use of leaves. while group B invented the use of sticks -and both behaviour patterns then stayed via such mechanisms with their groups. As a consequence, group A will be more likely to explore their world with leaves, while group B will be more likely to use sticks (this we have called the 'founder effect'). The time has come to put hypotheses like this to the test.
In conclusion, although Gruber et al. [2] have documented the striking different solutions adopted by two chimpanzee groups when solving the same problem, it is unlikely that they will contribute decisively towards the resolution of the chimpanzee culture debate. But the use of this method in the field represents an important advance that could bring social learning under experimental scrutiny in the field and pave the way to investigate the roots of other aspects of human culture such as conformity, normativity and the accumulation of knowledge. 5 Mating-System Evolution: Succeeding by Celibacy
Orchids are celebrated for their extraordinary diversity of floral strategies, but species with separate sexes are exceedingly rare. A new study shows that females are maintained with hermaphrodites in one such species through an unusual mix of sexual and asexual reproduction.
John R. Pannell
The great majority of angiosperms are hermaphroditic. Although separate sexes have arisen on numerous independent occasions throughout angiosperm evolution [1] , the high frequency of hermaphroditism in most plant families suggests that maintaining both male and female structures within each flower has widespread advantages. One potential benefit of hermaphroditism is the possibility of self-fertilization [2] . Self-fertilization has indeed evolved frequently in plants, in many cases probably in response to selection for reproductive assurance in the absence of mates or pollinators [3] [4] [5] . Yet most hermaphrodite plants avoid selfing and possess a range of intricate mechanisms that promote outcrossing [2, 6, 7] . Such mechanisms are nowhere more striking than the morphological 'contrivances', as Darwin called them, in the orchid family (Orchidaceae) [7] . The Orchidaceae is the largest and one of the more morphologically diverse families of land plants, with around 22,000 species in almost 800 genera [8] . Remarkably, in contrast with its frequent occurrence in other large clades, dioecy (separate males and females) is known only from two orchid genera: Catasetum and Cycnoches [9, 10] . Exceptional cases in biology are often surrounded by exceptional circumstances, and no less so in Catasetum. In these orchids, the vehemence with which pollinia, the specialised bags of pollen held on a sticky stalk, are thrust upon unsuspecting pollinators' bodies is so disagreeable to the insects that they subsequently avoid all contact with flowers with the same appearance [10] . This would be counterproductive in populations with monomorphic flowers, because pollinators must of course fly from a pollen donor to a pollen recipient of the same species. But Catasetum populations are sexually dimorphic, and the agitated pollinators move away from males, bearing their pollinia, to the flowers of females that have a morphology so different that taxonomists once assigned females and males of Catasetum to different genera [10] ! Huang et al. [11] have now pieced together a puzzle that would seem to explain a similarly unusual case of the maintenance of gender dimorphism in orchids. Populations of the Chinese orchid species Satyrium ciliatum were known to comprise mixtures of normal hermaphrodites with females (a sexual system known as 'gynodioecy'). Gynodioecy is relatively common in flowering plants, but Satyrium ciliatum is the only known case of it in the orchids. The proportion of females in S. ciliatum is highly variable, ranging from zero all the way to one. High variation in the sex ratio is typical of gynodioecious species [12, 13] , so what is unusual about gynodioecy in S. ciliatum?
The frequencies of females in gynodioecious species are known to depend on a number of factors, including the relative rates of pollinator visitation to the two sexes, the relative numbers of seeds that they produce, the rate of self-fertilization by hermaphrodites, the extent to which selfed progeny suffer inbreeding depression, and even the relative susceptibility of the two sexes to herbivory [12, 14, 15] . In many gynodioecious species, female frequencies greater than 0.5 can be explained as the outcome of a genetic conflict between selfish male-sterility genes in the mitochondrial genome, which are usually transmitted to progeny only through ovules and which thus have no interest in the production of pollen, and nuclear fertility-restorer genes transmitted via both pollen and ovules (reviewed in [12] ). In populations lacking fertility-restorer alleles, the proportion of females should always increase from one generation to the next if females produce more seeds than hermaphrodites (which, given they do not produce pollen, should be easy) -unless something prevents their inexorable spread. It is intuitive that this 'something' could well be the frequency dependence of mating opportunities: when females become abundant and hermaphrodites are correspondingly scarce, seed production by females should decline as a result of pollen limitation, because only hermaphrodites produce pollen [13, 16] .
Very high female frequencies are common in gynodioecious species, and it has been widely shown that seed set in such populations is indeed compromised by pollen limitation (reviewed in [17] ). But in the orchid S. ciliatum, the female frequency has risen all the way to fixation in at least one population. More surprisingly, in this population (as well as in others where the female frequencies are also high), females continue to produce more seeds than hermaphrodites [11] . How so? In their paper, Huang et al. [11] describe the natural history of this unusual orchid in terms of floral phenology, measures of seed production over a wide geographic region, and the community of synergistic and antagonistic interactions with insects that either pollinate or eat parts of the species' flowers (in females and hermaphrodites to different extents). Unusually among the orchids, the pollinia of S. ciliatum are targeted by various insects as a food source, constituting a substantial waste of investment into sexual reproduction. But the key novel contribution of their paper is in its elucidation of an intriguing mix of sex with asexual reproduction (again, in females and hermaphrodites at different rates).
Huang et al. [11] found high levels of seed set in females across the 23 populations they sampled, notably also in a population that had no hermaphrodites; this latter observation strongly suggested the production of seeds by asexual reproduction (apomixes, or parthenogenesis). To test this idea, they excluded pollinators (bumblebees) from a number of inflorescences in both the all-female population and a gynodioecious population (Figure 1) , and used staining techniques to observe the development of ovules into possible seeds in females and hermaphrodites. They found embryos to be developing in both hermaphrodites and females in the absence of prior pollination. In two gynodioecious populations, they also compared seed set in females and hermaphrodites under three different experimental conditions: plants exposed to natural pollinators; plants from which pollinators were excluded after hermaphrodites had been emasculated by removing their pollen (thus preventing any sexual reproduction); and plants that were pollinated by hand. For all three treatments, females consistently had greater seed set than hermaphrodites. This was particularly the case where only asexual reproduction was possible. Where natural pollination was permitted, more ovules developed into seeds in females than in hermaphrodites, evidently because the greater proportion of asexually produced seeds by females outweighed the greater numbers of sexually produced seeds by hermaphrodites.
The paper by Huang et al. [11] brings together an intriguing set of natural history observations and results from simple experiments that will hopefully prompt further research into the nature of sexual and asexual reproduction in this unusual species. Several burning questions are left unquenched. What, for example, is the signal that prompts both females and hermaphrodites to produce parthenogenetic seeds, and is parthenogenesis delayed until sex has had its chance, just as self-fertilization is delayed in some otherwise outcrossing species [18, 19] ? Evidently the proportion of asexual progeny is higher in flowers that are left unpollinated, but it seems that even pollinated flowers produce some clonal offspring. The genetic basis of male sterility in S. ciliatum is also a pressing question. Could gynodioecy in S. ciliatum be due to a genetic conflict between maternally and biparentally inherited genes, as in many other gynodioecious species (reviewed in [12] )? If so, its reproductive system would be a fascinating example of overlapping domains of competition and conflict between sex and asex on the one hand, and male versus female gene transmission on the other. The fact that asexual reproduction is facultative and varies in frequency with mating opportunities (which can be experimentally manipulated) opens up fertile ground for testing hypotheses about the advantages and disadvantages of sex in general.
